INTRODUCTION
Scintigraphy has been proposed as a practical method in nuclear medicine. In addition, it is one of the diagnostic imaging techniques in renal studies and renal diseases [1] . Nowadays, renal artery stenosis is considered as one of the chief causes of kidney failure. The most common cause of renal vascular disease is atherosclerotic stenosis. In addition, ischemic nephropathy as a chronic renal damage is caused by hemodynamically severe renal artery stenosis. Nuclear renography is performed after prescription dose of angiotensin convertingenzyme inhibitor drug, and observation of significant decrease in renal blood flow is considered an excellent diagnostic screening method for evaluation of renal artery stenosis [2, 3] . In this method, a basic renogram is performed using technetium-99m diethylenetriamine pentaacetic acid ( 99m Tc-DTPA). After two days at least, a special dose of captopril is administered orally and then renography must be repeated. Captopril inhibits the effect of angiotensin-converting enzyme and decreases the level of angiotensin II in the blood. Furthermore, it inhibits efferent arteriole constriction which plays a vital role in maintaining glomerular filtration in patients with renal artery disease. There is a crucial change in captopril renogram of patients with renovascular hypertension due to the profound effect of captopril on decreasing glomerular filtration rate (GFR) on the affected right or left kidney. This change is measured by a decrease in the uptake of administered radionuclide in the abnormal kidney. Furthermore, radioactivity clearance rate is significantly decreased in the damaged kidney. No change is observed in renogram after administration of captopril in patients whose hypertension is not caused by renal vascular disease [1, 3, 4] .There are several techniques used for measuring GFR [2, 3] . Total (both right and left kidney) GFR or differential (left or right kidney) GFR can be estimated by the Gate's formula after using 99m Tc-DTPA radiotracer in nuclear medicine. Being simple, this scintigraphy method just needs short imaging scans in order to determine the GFR directly through passing and updating Tc-DTPA by the kidney. Normal kidney renography curve differs significantly from that of abnormal kidney [1, 3] .
A decrease in GFR (measured with   99m Tc-DTPA radiotracer) up to 10 % or more indicates high possibility of renovascular hypertension, while a decrease to 5-9 % indicates average possibility [3, 5] . A delay in the peak time (T max ) or an increase in clearance time of the radiopharmaceutical is one of the criteria for positive scan. The sensitivity and specificity of scintigraphy scans in diagnosis of renovascular hypertension have been generally reported in various studies as ranging between 83 %-100 and 62 %-100, respectively [3] .
This study was aimed at comparing the effect of aspirin and captopril on GFR in renal perfusion scintigraphy in the cat after experimentally induced unilateral renal-artery stenosis.
EXPERIMENTAL Materials
In this study, Siemens gammascan camera (MIE Inc., Germany) and Capintec CRC-5 dose calibrator machine (Capintec Inc., USA) were used. Diethylene triamine pentaacetate (DTPA) kit (Pars Isotope Company, Iran) was applied. Molybdenum-technetium generator and DTPAKit were confirmed by the Atomic Energy Organization of Iran.
Animals
Twenty local mixed breed healthy adult cats weighing 3.5 ± 0.5 kg were selected at random for this study. The animals were kept in separate cages at an ambient temperature of 22 ± 4 °C with free access to water and feed. [7] .
Methods
Technetium-99m was milked from molybdenumtechnetium generator and then it was added to DTPA kit. Tc-DTPA radiotracer was made according to kit manufacturer's instructions.
The animals were anesthetized with ketamine (Alfasan, Woerden, Holland) 10 mg/kg as the main drug and acepromazine (Alfasan, Woerden, Holland) 0.05 mg/kg as the pre-anesthetic drug [8] . The anesthetized animal was positioned on its back with stretched legs and arms, and radiopharmaceutical 99m Tc-DTPA was injected via the femoral vein as a bolus at a dose of 2 mCi. Immediately after intravenous injection of radioactive agent, scintigraphy was performed using the standard method by setting the scintillator of the machine under the table near the kidneys. During the operation, the animal was kept steady to minimize movements, in order to make sure that the scanning process was not disrupted. The most appropriate injection is the one with proper radioactivity in low bolus volume. For better imaging, the animal's injection area was covered with a lead shield. The computer program was set until images were scanned in subsequent times [9] . Secondary activity of the syringe after injection was measured by the same dose calibrating machine to ensure the administration of radiotracer inside the body.
In the renal scintigraphy scans obtained, the absorbed dose of radioactive radionuclide was evaluated by computer drawing based on the specified ranges using region of interested (ROI) method in the hot spot areas of the kidneys. Then in the drawn ROIs, radioactive counts in each kidney region together with their background region were determined. Afterwards, GFRs were measured by using commercial software based on Gate's formula [1, 3] .
After primary scans, which are considered as the necessary and comparative images for the evaluation of other scans, the animals were kept with care in separate cages. After four days (for clearance of used radioactive agents from the animals), they were prepared for the common standard operations.
Renal artery stenosis and follow-up renovascular hypertensions were induced in all the animals by the common standard surgeries. After surgical opening of the abdomen, first, diameter of the left renal artery was measured using a sterilized caliper. Thereafter, almost half of left renal artery was clipped, and an appropriate stereomicroscope, in compliance with the sterilization condition, was used to find, isolate and work on the renal artery.
After four days, renal scintigraphy was performed on the operated animals. Following confirmation of hypertension caused by unilateral renal-artery stenosis, the animals were assigned into two separate equal groups. Each group consisted of ten cats. After four days (for injection radiotracer to be cleared from body of animals), aspirin (Amin, Iran) and captopril (Exir, Iran) were administered orally to different groups at a single dose of 5 mg/kg [10] . Then the scintigraphy operations were repeated after one hour, and GFRs were measured using the same technique as before.
Blood pressures were measured before scintigraphic operations in all groups. Scintigraphy scans were analyzed visually and absorbed radioactive counts were measured in different ROI areas. Finally, the scintigraphic images, renograms and GFRs were evaluated for the different groups.
Statistical analysis
Student's t-test and ANOVA were carried out for data analysis using SPSS, version 17. P < 0.05 was considered statistically significant.
RESULTS
Scintigraphic images were scanned as described above, and their renograms drawn in order to measure GFR in both kidneys. Figure 1 shows the uniformity of kidney radiotracer absorption in the healthy animal. As shown in Figures 3 and 4 , for an operated animal, the ROI areas were specified to investigate the absorption of radiotracer in kidneys and bladder. After exploration of ROI areas, renogram diagram was obtained automatically. Furthermore, in order to improve the quality of scintigraphy scans, a lead shield was used (white area in Figure 3a) . This lead shield reduced extra radioactive emissions around kidneys and bladder during the operation. ROI and renograms for the two different drug groups; aspirin and captopril are shown in Figure 3 and Figure 4 , respectively. Table 1 shows the GFR of the cats.
In this study, a significant difference was observed between the means of total GFR in healthy cats (7.861 ml/min) and the means of total GFR in the cats with stenosis (5.965 ml/min) in all groups (p < 0.05).
A significant difference was observed in all groups between the mean total GFR in healthy cats (7.861 ml/min) and the mean total GFR in cats with stenosis following treatment with captopril (5.459 ml/min) and aspirin (5.440 ml/min) drugs (p < 0.05).
Mean of total GFR in operated animals treated with captopril was 5.459 ml/min and mean of the left kidney and right kidney GFRs were 1.585, 3.874 ml/min respectively. In operated animals treated with aspirin, mean total GFR was 5.440 ml/min, while the means of the left kidney GFR and right kidney GFR were 1.567 and 3.866 ml/min respectively.
A significant difference was seen in all groups between mean of left GFR in healthy cats (3.984 ml/m) and the left GFR in cats with stenosis (2.092 ml/m), and also in captopril (1.585 ml/m) and aspirin (1.567 ml/m) treatment groups (p < 0.05). In all groups, there was no significant difference between right kidney GFR values (p > 0.05).
However, there was a significant difference between right kidney GFR in healthy animals and left kidney GFR in cats with stenosis. A similar difference was also observed between the right GFR in healthy animals and the left GFR in cats treated with drugs (p < 0.05).
DISCUSSION
The kidneys are among the several different organs which can be evaluated by scintigraphy. Scintigraphic studies of human kidneys have been carried out by using various radiopharmaceuticals. Scintigraphy is used as tool for physiological and anatomical assessments [1] [2] [3] . It is also used in animal studies. For instance, this technique has been exploited for studying the kidneys and its diseases in dogs [11] and in cats [12] .
Comparison of the scintigraphic images of similar modes in humans and even in healthy animal groups before and after surgery by the uptake of radiopharmaceuticals in both sides of the body can be of medical and diagnostic importance, which is consistent with the reports [1, 3, 10] .
One method for diagnosing renal disease is to determine GFR. In this study, GFR is measured by using some commercial software based on Gate's scintigraphy formula. The results show that, there is a significant difference between GFR value of healthy and operated animals in left kidney (p < 0.05).
This study reveals that renal hypertension can be diagnosed by renal scintigraphy which is consistent with reports on studies in this area [3, 5] . In the present study, renovascular hypertension with experimental renovascular stenosis was diagnosed in the cat. Chen et al evaluated the effects of captopril on 99m Tc-DTPA renography in diagnosis of renal artery stenosis [4] . It was observed that captopril causes GFR reduction by reducing the conversion of angiotensin I to II. This reduction helps to detect renal artery stenosis in renal scintigraphy with high sensitivity. Blaufox et al deployed captopril to detect renovascular hypertension in DTPA scintigraphy. They reported that captopril has a role in GFR reduction as a diagnostic test for evaluating renovascular hypertension in 99m Tc-DTPA renal scintigraphy which is released by glomerular filtration [13] . Nally et al studied the shape changes in renograms after captopril administration in patients with renal artery stenosis and proposed captopril renography as a good test for evaluating hypertensive cases. In addition, captopril scintigraphy method was taken into account as a useful non-invasive test for detecting renal artery stenosis [14] .In the present study, captopril showed changes on renovascular hypertension renograms in cats similar to those in humans. This study demonstrates that captopril can be exploited to diagnose renovascular hypertension during renal 99mTc-DTPA scintigraphy, which is consistent with results obtained in human studies [1, 3, 14] .
Dabiri et al compared the effects of aspirin renography in detection of renovascular hypertension with captopril renography. They concluded that 99m Tc-DTPA aspirin renography was as sensitive as captopril renography in detection of unilateral renal artery stenosis and could be exploited to diagnose renovascular hypertension during the renal 99m Tc-DTPA scintigraphy [15] . This is in agreement with the results for cat in the present study. The present study revealed that 99m Tc pharmaceutical can be used in cats as well as humans [3] and the other animals [11, 12] . In addition, renal scintigraphy of cats can be performed easily and their GFR can be measured [10, 16] . Hecht et al reported renal scintigraphy and determined GFR in cats. Their values of GFR are close to those obtained in this study [16] .
The application of these results can help to reduce prevalence and side effects of renovascular hypertension. Furthermore, other appropriate treatment methods can be found with the help of scintigraphy technique through trials with different drugs, and other animal models.
Aspirin works as a prostaglandin synthesis inhibitor and captopril is exploited in detection of human patients with renal hypertension [17, 18] . Thus aspirin may function as captopril in detection of renal experimental hypertension in animal studies. Seemingly, comparative effects of these drugs in the renogram of felines with renal hypertension for detection of this disease have not been studied simultaneously.
Stenosis is easily observable by studying scanned images of uptake of radioactive agent and by comparing GFRs. The uptake of radioactive agent by the damaged artery can be measured in comparison with that of healthy kidney. A decrease in the absorption dose count indicates stenosis. Therefore, stenosis and eventually renovascular hypertension can be detected by studying GFRs and scanned images of uptake of radioactive agents.
Currently, captopril renogram scintigraphy is routinely exploited in detecting renovascular hypertension in humans [1, 3] . Our results show that captopril at 5 mg/kg can be used to detect unilateral renovascular hypertension in cats.
Comparison of the effects of aspirin scintigraphy with that of captopril in detection of renovascular hypertension in the cat indicates that these scans have similarities with respect to unilateral renal artery stenosis. It also reveals that renograms of aspirin can be used in diagnosis of hypertension caused by renal artery stenosis as a result of inhibition of prostaglandin synthesis, decrease in the release of renin, and reduction of GFR [15, 17] .
Imanishi et al have found that aspirin renography increased sensitivity from 50 to 93 %, but did not change the specificity (80 %) in the diagnosis of renovascular hypertension and renography [17] . In study by Maini et al, it was found that aspirin renography can be effective just like captopril renography for diagnosis renovascular hypertension [19] . In agreement with previous studies [18, 19] , we have also found that aspirin can also be used for diagnosis of renovascular hypertension.
CONCLUSION
The results of the present study indicate that aspirin has similar effects on GFR, scintigraphy scans and renograms as captopril in the detection of renovascular hypertension. On the basis of the results obtained, it is suggested that aspirin renography with 99m Tc-DTPA can be used for the diagnosis of renovascular hypertension. This is particularly so when stenosis of the renal artery cannot be detected by captopril renography.
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